Abstract. Mouse adrenocorticotropin receptor (ACTH-R/MC2R) messenger ribonucleic acid (mRNA) is expressed predominantly in the adrenal gland and, to a lesser extent, in adipose tissue. In this study, we found a novel 135-bp exon 1 (exon 1f) of the ACTH-R gene transcribed in mouse adipose tissue by RNA ligase-mediated rapid amplification of cDNA ends, which was located 1.4 kb downstream in the genome of previously-reported exon 1 (exon 1a) transcribed in the adrenal gland. The novel promoter region, 1.4 kb upstream of exon 1f contained three CCAAT boxes. RT-PCR analysis revealed that ACTH-R mRNA from adipose tissue and differentiated 3T3-L1 adipocytes exclusively contained exon 1f. Thus, the promoter region flanking to exon 1f is thought to be essential for adipose tissue, while that flanking to exon 1a is specific for the adrenal gland. A search for a similar sequence of mouse ACTH-R exon 1f and its flanking region in the human genome sequence database of GenBank Human Genome Resources did not reveal such a sequence in the region of the human ACTH-R gene. This may explain the absence of ACTH-R expression in human adipose tissue.
THE analysis of mouse adrenal cDNA and genomic DNA revealed that the adrenocorticotropin receptor (ACTH-R/MC2R) gene consists of four exons [1] : the first three exons encode the 5'-untranslated region (UTR) and the fourth exon encodes part of 5'-UTR, the entire coding region, and the whole of 3'-UTR. Two mRNA species, one with and one without 57-bp exon 2 by alternative splicing were demonstrated in the adrenal gland [1] . The human ACTH-R gene consists of two constant exons and one alternate exon between them [2, 3] : the first exon and alternate exon encode 5'-UTR and the other encodes part of 5'-UTR, the entire coding region, and the whole of 3'-UTR. The coding region of the ACTH-R gene in both species shows an 84.6% nucleotide identity. The first exon and the proximal promoter region of the gene in the two species are also well conserved. However, mouse exons 2 and 3 show no homology to any sequences of the human ACTH-R gene.
It is well known that ACTH does not act directly upon human adipose tissue [4, 5] , but is bound to the membrane receptor specific for ACTH itself in rat adipose tissue [6] and stimulates intracellular cAMP production and lipolysis in adipose tissue of mouse, rabbit, and rat [7] [8] [9] . ACTH-R mRNA was demonstrated in adipose tissue of mouse but not of human [10] . To clarify the mechanism(s) of the different expression of the ACTH-R gene in adipose tissue of mouse and human, we performed RNA ligase-mediated rapid amplification of cDNA ends (RLM-RACE) [11, 12] using total RNA from mouse adipose tissue and found a novel 5'-UTR exon 1. The sequence in the human ACTH-R gene similar to that of novel exon 1 and its 5' flanking region (proximal promoter) of the mouse gene was not found when searched for in the human genome sequence database of GenBank Human Genome Resources.
Materials and Methods

Oligonucleotide primers
Sequences of oligonucleotide primers were: mCTR1AS (antisense; coding region; 464-481 of GenBank accession number NM_008560), 5'-CAGACTGCCCAACATGTC; mCTR2AS (antisense; coding region; 988-1005 of NM_ 008560), 5'-TAAGGGTTATTTGGGCAG; mCTRASN (antisense; coding region; 314-331 of NM_008560), 5'-AACTACATCAGGACAATC; mCTREX1S (sense; shown in Fig. 2 ), 5'-CAGTCATCTTGCCGAGAAAG; mCTRalt1S (sense; shown in Fig. 2 ), 5'-CAAGGGA GGGCAGAAACTG.
Animals, cell culture, and RNA extraction Std:ddY mice 8 weeks of age were obtained from Japan SLC Inc. Total RNA from adrenal glands and epididymal adipose tissue was extracted by cesiumchloride ultracentrifugation. Y-1 mouse adrenocortical cells were cultured in F-10 medium and 10% fetal calf serum (FCS). 3T3-L1 cells were grown in Dulbecco Modified Eagle's Medium (DMEM) and 10% FCS until confluent, followed by an enhancement of differentiation by an addition of 0.5 mM 1-methyl-3-isobutylxanthine, 0.25 mM dexamethasone, and insulin (1 mg/ml) for 2 days [13] . Cells were then fed in DMEM and 10% FCS and used within 5 to 7 days. Total RNA from cells was extracted by guanidinium thiocyanate-phenol-chloroform method.
RNA ligase-mediated rapid amplification of cDNA ends RLM-RACE was performed using FirstChoice RLM-RACE kit (Ambion, USA) according to manufacturer directions. In brief, 10 mg of total RNA from mouse epididymal adipose tissue was incubated with calf intestinal phosphatase (CIP) followed by phenol/ chloroform extraction. CIP-treated RNA was incubated with tobacco acid pyrophosphatase (TAP) at 37ºC for 1 h. A synthetic RNA adapter (supplied in kit) was ligated to CIP/TAP-treated RNA as well as CIPtreated/TAP-untreated RNA by T 4 RNA ligase at 37ºC for 1 h. Then, ligated RNA was annealed with mCTR2AS at 65ºC for 5 min and reverse transcribed with ThermoScript RT (Life Technologies, USA) at 55ºC for 50 min, followed by incubation at 85ºC for 5 min for termination of reverse transcription. PCR between mCTR1AS and Outer ADP-primer (supplied in kit) using CIP/TAP-treated and CIP-treated/TAPuntreated single strand cDNA as a template was initiated at 95ºC for 9 min for activation of AmpliTaq Gold (Perkin Elmer, USA) and then carried out for 35 cycles consisting of denaturation at 94ºC for 30 sec, annealing at 60ºC for 30 sec, and extension at 72ºC for 45 sec. The PCR products were electrophoresed on a 2.5% agarose gel, and cloned directly onto TA cloning vector (Invitrogen, USA) and sequenced on both strands using M13 and M13 reverse primers by ABIPRISM sequencing system (Perkin Elmer, USA).
RT-PCR analysis of alternate first exon
Total RNA from mouse adrenal glands, epididymal adipose tissue, Y-1 cells, and 3T3-L1 cells (undifferentiated/differentiated) was reverse transcribed using oligo-dT 15 as a primer by Superscript II reverse-transcriptase (Life Technologies, USA), followed by PCR between oligonucleotide primers of mCTRalt1S and mCTR1AS, or mCTRalt1S and mCTRASN. PCR between mCTRalt1S and mCTR1AS was initiated at 95ºC for 9 min for activation of AmpliTaq Gold, and then carried out for 30 cycles consisting of denaturation at 94ºC for 30 sec, annealing at 60ºC for 30 sec, and extension at 72ºC for 1 min. PCR conditions between mCTRalt1S and mCTRASN were the same except of 35 cycles and annealing temperature 58ºC. The PCR products were analyzed in a 0.8% or 2.5% agarose gel.
Results
By RLM-RACE, an approximately 600-bp DNA band was demonstrated in a lane of TAP-treated RNA, but no DNA fragments in a lane of TAP-untreated RNA (Fig. 1) . After cloning of the RLM-RACE products and sequencing of the clones (67 clones were totally obtained), 64 clones contained a part of the ACTH-R coding sequence, the whole of exon 3 with/ without exon 2, and novel 5'-untranslated sequence 5' flanking to exons 3 and/or 2, indicating that the newlyidentified 5'-UTR seems to be a novel exon 1 (exon 1f) (described later). Of the 64 clones, the 5' end of the insert cDNA of 24 clones was adenine numbered as +1 in Fig. 2 , and of 19 clones adenine at -11, and of 8 clones adenine at +13. The 5' end of the insert cDNA of other clones was varied from -60 to +77. Sixteen clones of the 64 clones contained alternate exon 2. Of the 16 clones containing alternate exon 2, the 5' end of the insert cDNA of 8 clones was adenine at +1. Searching the novel exon 1f sequence in the genomic DNA insert of the l phage clone containing exon 1 (designated exon 1a) expressed in the adrenal gland and isolated by our previous study [1] , we found that exon 1f was located approximately 1.4 kb downstream of exon 1a.
To assure that exon 1f was expressed in adipose tissue, RT-PCR analysis was done. As shown in Fig. 3A , exon 1f was expressed in epididymal adipose tissue and adrenal glands (lanes 11 and 7) , whereas exon 1a was demonstrated in adrenal glands but not in adipose tissue (lanes 1 and 5). Undifferentiated 3T3-L1 preadipocytes showed no ACTH-R cDNA (lanes 3 and 9). Differentiated 3T3-L1 adipocytes expressed only exon 1f (lanes 4 and 10), and Y-1 cells exclusively exon 1a (lanes 2 and 8).
In adipose tissue and differentiated 3T3-L1 adipocytes, RT-PCR between a set of primers, mCTRalt1S and mCTRASN demonstrated the predicted DNA fragments of 303 bp and 360 bp, and the latter contained 57-bp alternate exon 2 and was less prominent than the former (Fig. 3B, lanes 13 and 14) .
Discussion
In this study we found novel 5'-untranslated exon 1 (exon 1f) of the mouse ACTH-R gene transcribed in adipose tissue. RT-PCR analysis confirmed that mRNA from adipose tissue and differentiated 3T3-L1 adipocyte contained exon 1f, but no previously-proven exon 1a which was transcribed in the adrenal gland (Fig. 3A) . Thus, exon 1f is unique for adipose tissue, and exon 1a specific for the adrenal gland. RT-PCR study also defined that mRNA from the adrenal gland contained exons 1a and 1f, independently, whereas mRNA from Y-1 mouse adrenocortical cells contained only exon 1a (Fig. 3A, lanes 1, 2, 7 and 8) . It is conceivable that the presence of exon 1f transcripts in the adrenal gland was likely due to the contamination of periadrenal fat tissues while removing adrenal glands in vivo. Further investigation is required to ascertain whether or not exon 1f could be transcribed in the adrenal gland.
In the RLM-RACE study, we used CIP-treated and TAP-treated RNA to which a synthetic RNA adaptor was ligated. CIP treatment removed free 5'phosphates from degraded RNA, and following TAP treatment removed the cap structure from full-length mRNA, leaving a 5' monophosphate. Therefore, the RNA adaptor was ligated exclusively to full-length mRNA. As more than one third (24 clones) of 64 clones obtained by RLM-RACE contained 135-bp novel exon 1f sequence, the 5' end was thought to be a major transcription start site (numbered +1 in Fig. 1 ). Furthermore, while 19 clones contained 146-bp exon 1f sequence and 8 clones 122-bp exon 1f, those 5' ends were then deemed to be minor start sites. One-fourth (16 clones) of the 64 clones possessed 57-bp exon 2 which was alternatively spliced in the adrenal gland [1] , and RT-PCR analysis revealed that mRNA from adipose tissue and 3T3-L1 adipocytes consisted of two mRNA populations, one with and one without exon 2, the latter being more prominent.
Analysis of the insert DNA fragment of the l phage clone containing exon 1a previously isolated from mouse genomic DNA library [1] revealed that exon 1f was located approximately 1.4 kb downstream of exon 1a, and later this was confirmed when the exon 1f sequence in the mouse genome sequence database of GeneBank (accession number NT_039674.1) was found. It was reported that the proximal promoter region flanking to exon 1a contained one SF-1 (steroido- genic factor 1) binding site lacking CCAAT boxes, a TATA box, and consensus CRE (cyclic AMP responsive element) sequence, and that SF-1 was essential for the promoter function in Y-1 cells [14] . The relevant promoter region of the human ACTH-R gene also contained a few SF-1 binding sites which were critical for the promoter activity in Y-1 cells, and several CRE-like sequences yet functionally undetermined, lacking CCAAT and TATA boxes [15, 16] . The 1.4 kb promoter region flanking to exon 1f contained three CCAAT boxes and a TATA box which was located approximately 600-bp upstream of the possible major transcription start site. There exist no consensus binding sites for CRE-binding protein, AP-1 (activating protein 1), SF-1, and PPARg (peroxisome proliferator-activated receptor g). While expression of CCAAT/enhancer binding protein a and PPARg is known to occur during differentiation of 3T3-L1 preadipocytes and to be sustained in adipocytes [17] , it is plausible that any CCAAT box(es) might be responsible for ACTH-R gene expression in adipose tissue. However, the functional analysis of the newlyidentified promoter region flanking to exon 1f is required to understand the precise regulation of ACTH-R gene expression in adipose tissue. Exon 1a and the coding region of the ACTH-R gene in mouse and human have a high degree of sequence homology. A similar sequence of exon 1f and its surrounding region in the human genome sequence database of GenBank Human Genome Resources has been searched, but no such sequence in the region of the human ACTH-R gene has been found. This may explain the absence of ACTH-R mRNA in human adipose tissue.
The organization of the mouse ACTH-R gene, as determined by this study and previous reports along with the genome sequence data of GenBank Mouse Genome Resources, is depicted in Fig. 4 . The gene spans approximately 23 kb on chromosome 18, 37.0 cM locus [18] and consists of exons 1a (195-bp) [14] , 1f (135-bp), 2 (57-bp), 3 (112-bp), and 4 (1,477-bp). The distance between exons 1a and 1f, exons 1f and 2, exons 2 and 3, and exons 3 and 4 (coding exon) of the gene is 1,314 bp, 5,590 bp, 12,196 bp, and 1,490 bp, respectively. Fig. 4 . Organization of the mouse ACTH-R gene. Coding region is a white box, and untranslated regions are black boxes.
